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(54) Electrically conductive resin composition and photosensitive drum made therewith 



(57) The invention relates to a photosensitive drum 
based on a cylindrical base which is made with an elec- 
trically conductive resin composition which comprises a 
polyamide resin, a s the resin component and an electri- 
cally conductive material, said polyamide resin b eing 
one selected from the group consisting of polyamide 



resins obtained from m-xylylenediamine and adipic ac- 
id, polyamide resins obtained from e-caprolactam, and 
mixtures thereof. The cylindrical base for the photosen- 
sitive drum has good surface smoothness as well as 
good mechanical strength, and it can be obtained easily 
by injection molding or the like from said resin compo- 
sition. 
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Description 

BACKGROUND 

(0001] The present invention relates to an electrically conductive resin composition suitable tor use as a material to 
form the cylindrical base of the photosensitive drum in electrophotographic machines such as copying machines, fac- 
similes and printers. The present invention relates also to a photosensitive arum whose cylindrical base is made with 
s^td electrically conductive resin composition. 

[0002] Copying machines, facsimiles, and printers employ the electrostatic recording process. The process for print- 
in q consists of uniformly charging the surface of a photosensitive drum, projecting an image onto the charged surface 
miouqh an optical system so that charge disappears 1rom the exposed part, thereby forming a latent image thereon, 
sLpp ymg the latent image with a toner, thereby forming a toner image due to electrostatic attraction between them, 
ritxi Unrsierring the toner image to a recording medium such as paper, OHP, and photographic paper. 
1 000 3] The above-mentioned electrostatic recording process usually employs a photosensitive drum constructed as 
v cmn in Fig. 1 , 

(00O4J Specifically, it consists of a cylindrical base 1 having good electrical conductivity, two flanges 2a and 2b fitted 
m c tx>m ends of the cylindrical base 1 , and a photosensitive layer 3 formed on the peripheral surface of the cylindrical 
t>t^ i As shown in Fig. 1, the photosensitive drum is usually supported by two axes 4 and 4 fixed to the main body 

! of trie electrophotographic apparatus and the axes are inserted into the holes 5 and 5 formed in the flanges 2a and 
;i ttvit the photosensitive drum turns freely. On the periphery of one flange 2b is formed a gear 6 which engages 
*«• m 7 connected to a drive motor. The cylindrical base 1 thus constituted is allowed to rotate. 
fOOOS] T he cylindrical base 1 mentioned above is conventionally made with aluminum alloy because of its light weight, 

> . . ' ^vnmability, and high electrical conductivity. 

| ooo<| l J n fortunately, the cylindrical base of aluminum alloy needs high-precision machining if it is to meet stringent 
; - " cr\z for dimensions and surface roughness. It also needs machining for the holes into which the flanges 2a 
* •** ttttod. Moreover, it may need surface treatment to prevent surface oxidation. These added steps lead to a 
' f • j^ciion cost. Therefore, aluminum alloy is not necessarily a satisfactory raw material for the cylindrical base 

- i*jio the photosensitive drum, 
jono") ! t>oro has been proposed an idea of making the cylindrical base 1 from a resin composition composed mainly 
■ , - *»«-ny!ene sulfide (PPS) resin by injection molding. The molding process is comparatively easy and the resulting 
. * » v . ,ii tMse is light in weight and superior in chemical and heat resistance. In addition, the cylindrical base 1 can 

* - * >xi integrally with either of the flanges 2a and 2b from the same resin composition. 

{oooei When the above-mentioned PPS-based resin composition is made into the cylindrical base 1 for the photo- 
* • - atom, it is usually incorporated with carbon black in an amount more than 20% by weight so that it is given 

* * - * * .-\ conductivity. Unfortunately, any PPS resin composition with such a high content of carbon black is very brittle 
^, : -n-o -c t is incorporated with a reinforcement such as glass fiber so that the resulting cylindrical base has a required 

|00O9) The disadvantage of the PPS resin composition incorporated with carbon black and glass fiber is extremely 
i - . r nownbility in the molten state. Thus the resulting cylindrical base is poor in surface smoothness because the 
..jrtrtce of the mold is not completely transferred at the time of injection molding. This poses a serious problem 

* ^osoquent steps of applying a photosensitive material to the surface, thereby forming a photosensitive layer. 
(00 1 0f Thus, it is an object of the present invention to provide an electrically conductive resin composition which can 
r* * I**,- mnde by injection molding into a cylindrical base of a photosensitive drum which has surface smoothness 

tunica I strength. It is another object of the present invention to provide a photosensitive drum formed on the 
i vr*>ir.ii onse made with the above-mentioned electrically conductive resin composition. 

|oo i i ) Wc have prepared conductive resin compositions which can give a molded product (or cylindrical base) having 
*jO mechanical strength and stiffness as well as good surface smoothness. Thus, the present invention makes it 
pi^i t>_- to produce a good or high-performance photosensitive drum (light in weight and high in strength) easily without 
i u^uii if it) complex processes. 

nnirr description of the drawing 

(0012] Fig. 1 is a schematic sectional view showing one example of photosensitive drums. 

[0013] In order to address the above-mentioned issues the present inventors carried out a series of researches which 
led to the finding that a polyamide resin obtained from m-xylylenediamine and adiptc acid has good heat resistance, 
good chemical resistance, high mechanical strength and small dimensional change after injection molding. The present 
inventors also found that a polyamide resin obtained from e-caprolactam has good heat resistance, good chemical 
rosisiance, high mechanical strength and good injection moldability. 
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[0014] These properties are desirable for the resin to be formed into the cylindrical base of the photosensitive drum. 
Since the polyamide resins have slower crystallizing rate than any other crystalline resins, the resins easily form a skin 
layer on the surface of the molded product even when they are incorporated with an electrically conductive material 
such as carbon black and/or reinforcing inorganic filler such as whisker to improve mechanical properties such as 
strength and stiffness. In other words, the resulting molded product has good strength and stiffness as well as good 
surface smoothness. 

[0015] The present invention is based on these findings. 

[0016] Thus, the present invention covers an electrically conductive resin composition which comprises a polyamide 
resin as the resin component and an electrically conductive material, said polyamide resin being one selected from 
the group consisting of polyamide resins obtained from m-xylylenediamine andadipic acid, polyamide resins obtained 
from e-caprolactam, and mixtures thereof. 

[0017] The present invention also covers a photosensitive drum made up of a cylindrical base and a photosensitive 
layer formed on its peripheral surface, wherein said cylindrical base is formed from the electrically conductive resin 
composition defined above. 

[0018] The invention will be explained in more detail in the following. 

[0019] According to the present invention, the electrically conductive resin compositjpp-GQntains as the resin com- 
ponent a polyamide resin which is obtainable from m-xytylenediamine and adipic^cirfand/or a polyamide resin which 
is obtainable from e-caprolactam, and the photosensitive drum has a cylindrical baseTcw*ed^from the electrically con- 
ductive resin composition. 

[0020] The polyamide resin for the resin component of the electrically conductive resin composition is one which is 
produced from m-xylylenediamine and adipic acid through poly condensation reaction and/or one which is produced 
from e-caprolactam through ring opening polymerization reaction. The former is generally referred to as nylon MXD6. 
The latter is generally referred to as nylon-6. 

[0021] The electrically conductive resin composition of the present invention contains the specific polyamide resin 
(nylon MXD6 and/or nylon-6) as the resin component. Nylon MXD6 and/or nylon-6 may be used in combination with 
any other resin if necessary. The other resin is not specifically restricted so long as the object of the present invention 
is achieved. Preferred examples of such resins are (other) polyamide resins e.g. nylon-11, nylon-12 nylon-46, nylon- 
66, nylon-610, nylon-612, nylon-1212, and copolymers thereof. The amount of these resins are not specifically restrict- 
ed, although it should preferably be such that nylon MXD6 and/or nylon-6 accounts for at least 30-100% by weight, 
particularly 40-100% by weight of the resin. 

[0022] The resin composition of the present invention is incorporated with an electrically conductive material so that 
it has electrical conductivity. The electrically conductive material is not specifi cally re stricted so long as it can be uni- 
formly dispersed into the above-mentioned resin. It includes, for exampJe^aTbon biacK graphite powder aluminum 
powder, copper powder, nickel powder, and electrically conductive gl gss poAwdefT^wt h-carbon black being especially 
preferred. The amount of the electrically conductive material is not specifically restricted; however, it should preferably 
be 5-30% by weight, particularly 5-20% by weight of the resin composition, so that the resulting molded product has 
a surface resistance lower than 10 4 QA3, particularly lower than 10 2 QAD (ohm/square). 

[0023] The resin composition of the present invention may be incorporated with an inorganic filler in the form of fiber 
for the purpose of reinforcement and extension. The fibrous inorganic filler includes carbon fiber, glass fiber, and whisker 
(conductive or non-conductive). In the case where conductive fiber is used, it is possible to reduce the amount of the 
above-mentioned electrically conductive material. 

[0024] The amount of the filler may vary depending on its kind and the length and diameter of fiber and hence it is 
not specifically restricted. It is usually 1 -30% by weight, preferably 5-25% by weight, more preferably 10-25% by weight 
in the composition. When incorporated with tiller mentioned above, we find that the resin composition gives a molded 
product exhibiting improved strength and stiffness without sacrificing its surface smoothness. 

[0025] The electrically conductive resin composition of the present invention may be incorporated, in addition to the 
above-mentioned electrically conductive material and filler, with any known additives, such as polytetrafluoroethylene 
(PTFE), silicone, molybdenum disulfide (MoS 2 ), and metal soap, in a proper amount. The filler may be surface-treated 
with a silane or titanate coupling agent in common use. 

[0026] Now, a photosensitive drum is shown in Fig. 1. It consists of a cylindrical base 1 and a photosensitive layer 
3 formed on its peripheral surface. The cylindrical base 1 is made with the above-mentioned electrically conductive 
resin composition. 

[0027] In the case of the photosensitive drum shown in Fig. 1 . the cylindrical base 1 has individually molded flanges 
2a and 2b fitted and fixed to both ends thereof. According to the present invention, however, at least either one of the 
flanges 2a and 2b can be molded integrally with the cylindrical base 1 . In addition, the flange may have the drive gear 
6 formed thereon because it is molded from the electrically conductive resin composition (filled with an inorganic rein- 
forcement) and hence it has high strength and stiffness. 

[0028] The molding of the cylindrical base 1 from the electrically conductive resin composition may be accomplished 
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in any way, although injection molding is preferable. Molding conditions, such as temperature and pressure, may be 
the same as usually employed for nylon MXD6 and/or nylon-6. 

[0029] The peripheral surface of the cylindrical base 1 should preferably be smooth as defined below in terms of 
surface roughness. 

Center line average roughness (Ra): 

[0030] 

smaller than 0.8 urn, particularly smaller than 0.2 urn Maximum height (Rmax); 
smaller than 1.6 pm, particularly smaller than 0.8 um 10-point average roughness (Rz): 
smaller than 1 .6 jam, particularly smaller than 0.8 jam. 

[0031] If these Ra, Rmax, Rz of the surface are bigger than specified above, increasingly the surface irregularities 
of the cylindrical base 1 may manifest themselves in the photosensitive layer 3, reducing image quality. The requirement 
for surface smoothness is easily achieved with electrically conductive resin compositions as proposed herein, even 
when they incorporate reinforcing inorganic filler. 

[0032] The cylindrical base 1, with either one of flanges 2a and 2b molded integrally, is subsequently provided by 
fitting with the other flange which has been molded separately. The second flange may be molded from any material 
such as metal, electrically conductive resin, and non-electrically conductive resin. However, it is desirable to use the 
same electrically conductive resin composition as used for the cylindrical base 1 , from the standpoint of balance be- 
tween strength and conductivity. The fitted flange may be fastened with an adhesive if necessary. 
[0033] To complete the photosensitive drum the cylindrical base 1 is provided with a photosensitive layer 3 on its 
peripheral surface. This photosensitive layer may be formed from any known material with a known composition and 
it may have any known layer structure. 

[0034] Incidentally, the photosensitive drum of the present invention is not necessarily restricted to the one shown 
in Fig. 1. For example, it may be supported by axes projecting from the flanges in place of axes inserted into holes 5 
in the flanges 2a, 2b. The shape of the flanges 2a, 2b and the method of driving the photosensitive drum may be 
modified adequately within the scope of the present invention. 

EXAMPLE 

[0035] The invention will be described in more detail with reference to the following embodiments and comparative 
examples. 

[0036] Electrically conductive resin compositions were prepared in the usual way from the components shown in 
Table 1 Each composition was made, by injection molding, into the cylindrical base for the photosensitive drum, meas- 
uring 30 mm in outside diameter, 230 mm long, and 2 mm in wall thickness. Injection molding was carried out under 
the same condition for all the compositions. 

[0037] The resulting cylindrical base was examined for surface roughness (center line average roughness Ra, max- 
imum height Rmax, and 10-point average roughness Rz). Measurements were carried out according to JIS B0601 by 
using "Surfcon" (from Tokyo Seimitsu Co., Ltd.). The results are shown in Table 1. 
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Table 1 





Example 


Comparative Example 


i 


2 


3 

w 


4 


5 


6 


i 


2 


3 


Components 
(wt%) 


PAB6* 1 


55 


41 






41 




82 


78 




PAS* 2 








55 


35 


78 

f w 








PAMXD6* 3 


23 


35 


78 


23 












PPS M 


















55 


Carbon black 


12 


9 


12 


12 


9 


12 


18 


12 


20 


Conductive 
whisker* 5 


10 


15 


10 


10 


15 


10 




10 




Glass fiber 


















25 


Surface roughness 


Ra (um) 


0.05 


0.06 


0.04 


0.05 


0.06 


0.05 


0.22 


0.44 


0.79 


Rmax (u.m) 


0.56 


0.95 


0.48 


0.75 


1.05 


0.55 


3.92 


2.73 


5.44 


Rz (urn) 


0.32 


0.54 


0.21 


0.33 


0.95 


0.42 


2.24 


2.59 


3.36 



10 



75 



20 



25 



M: nylon-6$ (containing 18% carbon black). "Statiokon R" from Kawasaki Seiielsu Co.. Lid. 

*2: nylon-6. *UBE-nylon' from Ube Kosan Co.. Ltd. 

*3: nylon MXD6. "Rany" from Mitsubishi Kagaku Co.. Ltd. 

*4: potypbenylene sulfide 

*5: "Denlol" from Otsuka Kagaku Co.. Lid. 

[0038] It is noted from Table 1 that the cylindrical base for the photosensitive drum was superior in surface smooth- 
ness when formed from the electrically conductive resin composition according with the present invention. 
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Claims 

1. An electrically conductive resin composition having: 

a resin component comprising polyamide resin, selected from polyamide resins obtainable from m-xylylene- 
diamine and adiptc acid and polyamide resins obtainable from e-caprolactam, and 
electrically conductive material. 

2. An electrically conductive resin composition as defined in Claim 1 , wherein the electrically conductive material is 
carbon black. 

3. An electrically conductive resin composition as defined in Claim 2, wherein the carbon black is contained in an 
amount of 5-30% by weight. 

45 4. An electrically conducive resin composition as defined in any one of Claims 1 to 3, which further comprises a 
reinforcing inorganic filler dispersed and mixed therein in an amount of 1-30% by weight. 

5. A photosensitive drum made up of a cylindrical base and a photosensitive layer formed on the peripheral surface 
thereof, wherein said cylindrical base is one which is made with the electrically conductive resin composition defined 
50 in any one of claims 1 to 4. 



40 



6. The use of a composition according to any one o' claims 1 to 4 to make a cylindrical base for a pnotosensitive drum. 



55 
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FIG.1 
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